REMARKS 

The Office Action of July 30, 2008, contains a final rejection of the requirement 
for restriction. Applicants acknowledge this final rejection but respectfully request 
reconsideration. It is not ubiquinone, per se, which is the linking element, it is an oil/fat 
composition containing ubiquinone. 

The Office Action further contains a plurality of prior art rejections. In that 
regard, Claims 15-18 were each rejected under 35 U.S.C. § 102(e) over Udel ('942). 
Claim 16 was rejected under 35 U.S.C. § 102(e) over Udel or, alternatively, under 35 
U.S.C. § 103(a) over Udel . Claim 18 was rejected under 35 U.S.C. §103(a) over Selzer in 
view of Udel. 

Rejected independent Claim 15 has now been amended to more clearly define 
applicants process invention over the prior art relied upon. Previously presented Claims 
16-18 depend from amended Claim 15. New Claims 23 and 24 also depend from 
amended Claim 15. For the reasons hereinafter set forth, applicants respectfiilly submit 
that amended Claims 15-18, 23 and 24 define process inventions which are neither 
anticipated, nor rendered obvious, by Udel or Selzer in view of Udel. 

Amended Claim 15 is the only independent claim presently vinder consideration. 
Claim 15 has been amended to require a process in which ubiquinone is described in an 
oil/fat envirormient under heating at a temperature "of not lower than the melting points 
of ubiquinone". In contrast to the process of Claim 15, Udel teaches mixing of 
ubiquinone, MCT (medium-chain triglyceride) and other ingredients in an oil-wax 
mixture at a temperature within the range of 35°C to 45°C. The Udel process does not 
conduct mixing at a heating temperature of not lower than the melting points of 
ubiquinone, i.e., mixing at a heating temperature of not lower than about 48°C ! 
Accordingly, amended Claim 15 is not anticipated by Udel . 
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Furthermore, Udel does not disclose a process of "dissolving ubiquinone" or any 
ubiquinone solution. The operative words used in Udel relevant to treatment of 
ubiquinone are "added", "mixed", "mixture", for example. Udel teaches, in column 3, 
lines 7 to 17 of the specification, that "Rice bran oil, a carrier suspension agent. . . such as 
Coenzyme Qio is heated to 50 to 60°C." Thus, the object of Udel is to provide a 
ubiquinone-containing suspension. Actually, ubiquinone would not dissolve in the 
composition under conditions described by Udel . In other words, Udel does not 
"dissolve" ubiquinone in oil/fat by heating and, furthermore, the temperature condition 
described is quite different from that of the applicants' claimed invention. Once again, 
amended Claim 15 is not shown to be anticipated by Udel. 

Referring further to Udel, the applicants' claimed process has the effect of 
preventing precipitation and/or localization of ubiquinone during storage of food by first 
adding ubiquinone in oil/fat to dissolve the ubiquinone under heating, and then, adding 
the resultant mixture to a food material. As a result, the food is not deleteriously affected 
by precipitation and/or localization of the critical ingredient, ubiquinone! These results, 
produced by applicants' Claim 15 process, are nowhere seen to be expected i.e., they are 
unexpected! 

Still furthermore, regarding Udel. the Office Action stated that Claim 16 was 
anticipated, or rendered obvious, by Udel . Applicants respectfully submit that this 
conclusion is not supportable. As explained above, the claimed process invention 
produces the unexpected effect of preventing precipitation and/or localization of 
ubiquinone during storage of food by at first adding ubiquinone in oil/fat to dissolve 
under heating, in a specific condition, and then adding the resultant mixture to a food 
material. 
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In addition to the foregoing, the Examiner contends that a MCT has a melting 
point of not lower than 20°C. This means that a MCT is soUd fat. But that cannot be 
true. Most MCTs have melting points of below 5°C, although the melting points depend 
on species. In particular, commercially-available MCTs have melting points within the 
range of -12°C to -5°C, and they are liquid . In that regard, the published article "Effect of 
Medium-chain Triacylglycerols on Anti-obesity Effect of Fucoxanthin" , which is 
attached, clearly discloses that MCTs are liquid at room temperature (see right column, 
page 1). The bottom line is that a person of ordinary skill in the relevant art would have a 
common sense understanding that MCT is liquid oil/fat, and that the use of oil/fat having 
a melting point of not lower than 20°C is neither inherently disclosed nor suggested to 
Udel by such a hypothetical person of ordinary skill. 

Fatty acids that constitute commercial MCTs are a mixture of C6-C12 compounds, 
in which major components are C8 and CIO components. Such fatty acids are liquid oils. 
The "Myglyol" taught by Udel also contains C8 and CIO components as major 
components. 

On the other hand, fatty acids that constitute coconut oil are not only lauric acid 
(CI 2) but also compounds having 14 or more carbon atoms, such as myristic acid or 
palmitic acid. Therefore, fatty acids that constitute coconut oil are solid fats that have 
melting points of 20°C or higher. Thus, coconut oil and a MCT are different from each 
other in their distribution and proportion of fatty acids that constitute coconut oil or a 
MCT. The fact that coconut oil has a melting point of 20°C or higher cannot be a basis of 
the presumption that a MCT has a melting point of 20°C or higher. 

In addition, Udel '942 teaches, in column 3, lines 36 to 40, that bee's wax primarily 
increases viscosity to keep insoluble components from settling to one side of the soft gel 
capsule. Thus, the content of the capsule was logically fluid slurry, not solid. 
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The Examiner also states that Udel discloses a solidification process. However, 
the main ingredients of the Udel composition were rice bran oil and MCT, both of which 
are in a liquid form. Therefore, the recognition of a person skilled in the art is that the 
Udei's composition cannot be "solid", because Udel 's composition was a suspension 
mixture of ubiquinone in oil/fat, which was finally encapsulated (filled) in a soft capsule. 
As explained above, the recognition of a person skilled in the art would be that MCT is 
liquid and, that a composition encapsulated in a soft capsule cannot be "solid". Thus, it 
cannot be said that Udel inherently teaches or suggests "solidification" using "oil/fat 
having a melting point of not lower than 20°C" in Claim 16. 

Regarding the rejection of claims 15 - 18 under 35 U.S.C. §103 as being 
unpatentable over Selzer in view of Udel Selzer does not teach or suggest a heating 
process. As explained above, the claimed invention enables ubiquinone to be added in oil 
drops without localization of ubiquinone, even if ubiquinone is enriched over solubility in 
oil/fat by preparing oil-in-water composition by dissolving ubiquinone in liquid oil/fat 
under heating at a temperature no lower than a melting point of ubiquinone and then 
cooling. In addition, the claimed invention thereby produces another effect, the effect 
that a ubiquinone-supplementation food does not cause solid-liquid separation, or 
localization, of ubiquinone after a lapse of time. 

The aforedescribed effect of preventing localization of ubiquinone in the present 
invention is important for an ordinary food which is different from tablets or capsules. 
Thus, such an effect of the present invention could not be expected by Udel or Selzer , 
which relate to soft capsule preparations of liquid preparation. Selzer does not teach any 
solid fats. Selzer also does not teach any solid foods. As such, applicants submit that the 
present invention plainly could not have been obvious over Selzer in view of Udel to one 
of ordinary skill in the relevant art at the time of the invention. 
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In conclusion on subject of rejections on the merits. Claims 15-18, 23 and 24 each 
define inventions which are neither anticipated nor would they have been rendered 
obvious by Udel and/or Selzer . As such, these claims should each be in allowable form. 

Regarding formal matters, it is noted that priority under 35 U.S.C. § 119 is not 
acknowledged in the Office Action. Applicants submit that the noted Japanese priority 
application was, in fact submitted in PCT Application No. PCT/JP03/00396, should be on 
file in the USPTO and should be acknowledged. 

Respectfully submitted, 



/Richard G. Lione/ 

Richard G. Lione 
Reg. No. 19,795 
Attorney for Applicant(s) 
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Anti-obesity Effect of Fucoxantliin 

Hayato Maeda^*, Masashi Hosokawa\ Tokutake Sashima^, Katsura Funayama' and 
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Abstract: Dietary effects of medhim-cbala trtaeylgljreerols (MCT) mi AicQxrathln (Fc) on abdominal fat 
weight were determined using KK-Ay obese mouse. Experimental diet contained MCT(0.9%), Fc (0.1%), 
or MCT (0.9%) +Fc (0.1%). The abdominal fat wetgbt of mice fled with Fc was slgnlncantly lower than 
that of mice fed with MCT. UncowpUnfi protein 1 (UCPl), a key molecule for metabolic thermogeneflls, was 
dearly expressed In the while adipose tissue (WAT) of miee fed Fc, but little expression In that of the mice 
tti MCT. The BnU-obeslty affect oTFc was increaBed by mixittg Vc with MCT. This Increase would be dnc 
to the fnereaBe In the ahseirpdoii rate of Ve by MCT. 

Key worda: fucoxanthin, obesiv. medium-chain triacylglycend 



1 INTRODUCTION 

FUcoxaothln ia B characteristic caroteaoid of brown seu- 
weeds. such as VndarUt pinnatifida, H^Uua flitifitmUs 
and Sargaeeuni fkluellum. It has a unique structure 
including an allenic bund and 5,6<monoepoxide in the 
molecule. Anticarcinogentc effects, apoptosis Induction on 
cancer cells, anti-inflammatory effects and radical scav- 
enging activity are known as biological ectivtties of fucox- 
anthin''*', Furthermore, we have found that fucoxanthin 
shows anti'ObcBity effect with an interesting molecular 
mechanism*'. Feeding with fucoxanthin significantly 
reduces white adipose tissue (WAT) in rats and mice with a 
clear expression of UCPl protein and niRNA in WAT. while 
there was little expression of UCPl in WAT in mice fed 
control diet. UCPl is normally expreaned only in brown adi- 
pose tissue (BAT). It dissipates the pH-gradient generated 
by oxidative phosphorylation, releasing chemical energy as 
heat. UCPl expression in WAT by fucoxanthin intake leads 
to oxidation of fatty acids and heat production in WAT. The 
substrate oxidation would directly reduce WAT in animals. 
Considered as break- through discoveries for an ideal ther- 
apy for obesity, regulation of uncoupling protein 1 (UCPl) 
expression in adipose tissue by food constituent needs to 
be further explored. 

Medium-chain triacylgiycerole (MCT) are also being pro- 



moted as potential agents in the prevention of obesity". 
MCT reiters to mixed triacytglycerola of saturated fatty 
acids with chain length of 6-10 carbon^. Compared to long- 
chain triacylglycerols (LCT), MCT are smaller molecules 
and have a bwer melting point, thus being liquid at room 
temperature". The physico-chemical property of MCT 
tends to be more rapid and complete hydrolysis upon 
digestion us compared with that of LCT. The absorption 
and metabolism of MCT are also different from those of 
LCT. The products of MCT hydrolysis, monoacylglycerol 
and medium chain fatty acids (MCF), are rapidly absorbed 
through the stomach mucoaa into the hepatic portal vein 
after ingestion. The medium chain fatty acids are bound to 
serum albumin and tranaported in the soluble form of fatty 
acids and enter to systemic circulation through the portal 
vein directly to the Uver, without b^ng incorporated in the 
chylomicron. They do not accumulate in adipose tissue or 
muscle. Since MCF leave the Intestinal mucosa by the por- 
tal vein system, they reach the liver more rapidly com- 
pared to the longer molecules^. In addition, transportation 
of the MCF into the mitochondria and its /Jmidstion rate 
la more rapid than those of long chain fatty aclda. These 
characteristic digestion, absorption, and metabolism of 
MCT are recognized to he due to the increased energy 
expenditure and thus reducing weight gain in the animals 
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fed MCI*. Human etudiea haves glso shown an increase in 
energy expenditure with reaard to consumlna MCT con' 
taining mealu'"". 

In the present study, we invetstlgated anti-obesity effects 
of mixtures of fucoxanthtn and MCT using KK-Ay obese 
mouse. I*VcoHinthln is soluble in MCT or in fish oil at room 
temperature, while solubility of fucoxanthin in vegetable 
oil is very low. Antioxidants such as vitamin E (VitE) are 
eenerally used in the products of unstable carotenotds such 
as Bstaxanthifl and fiicoxsnthin to protect againat oxida- 
tion. However, solubility of fiicoxanthin into VitB is very 
low. In the present study, we could easily mbc iiicaxanthln 
with W.E using MCT as a n 



2 IMATBRIALS AND METHOD 

2.1 Fucoxanthin and MOT 

Dried powder of waicame {Undaria pinnatifida) was 
obtained from Rilten Vitamin Clbkyo. Japan). Waltaine lipid 
obtained by extraction of powder with acetone was subject- 
ed to silicic acid column chromatography using n- 
heiane/acetone (7 : 3. v/v) as mobile phase to separate 
fucoxanthin (Fc). The separation was repeated three more 
times for further purification of Fc. Isolated Fc showed a 
purity of more than 7&% on high performance liquid chro- 
matography (HPLC). HPLC was carried out using Hitachi 
L'7000 system with the reversed - phase column (Develosil 
ODS-UG-5: 250X4.6 mm i.d.. 5.0-fua particle size, Votmm 



Chem. Co.) fitted with a 10 x 4.0 mm i,d. guard column con- 
taining the same stationary phase. A mixture of methanol 
and acetonitrile (70 1 30. v/v) at a flow rate of 1.0 mL/min 
was used as mobile phase. Fc was monitored at 450 nm 
using UV-Vis detector. Peak identification was carried out 
by the comparing with st&ndanl, The standard fucoxanthin 
was prepared as previously described 0). MCT and Vit£ 
mixture were kindly donated by Rlken Vitamin. Main ftity 
acids of MCT wete caprylic acid (C8 : 0: 583%) and capric 
add (CIO: 0:41.5%). 

2.2 Animals and diats 

Female KK-Ay mouse Oweeks old) was obtained from 
Japan CREA Co. (Tokyo, Japan). They were housed at con- 
trolled temperature (23 ± It:) and humidity (5096) room 
imder a 12 : 12-h light-dark cycle. After acclimation for 1 
week by feeding control diets, mice were randomly divided 
into three groups of seven mice and given free access to 
water and the experimental diet. The diet was prepared 
according to the recommendation of the American Insti- 
tute of Nutrition (AIN-aSQ)'^. Composition of experiment 
diets are shown in Table 1. Fatty acid composition of 
dietary fat are shown in Table 2. After feeding of experi- 
mental diets for 4 weeks, mice were starved for 12 hours 
and anesthetleed with diethyl ether. Mice were killed by 
exsanguinatlon and their blood was withdrawn at the 
abdotmnal artery. Abdominal WAT, BAT, and liver were 
rapidly removed and weighed. Both adipose tissues and 
liver were frozen in liquid nitiogan for Western blot analy- 



TUde 1 Con\position of Experimental DieU (in gianru). 







Group 




MCT 


Pe 


Po + MCT 


Soybean oil' 


125.10 


134.10 


124.10 


MediuBMhiin triglyoeride* 


9.00 




9,00 


Vitamin E* 


1.00 




1.00 


Fucoxanthin (Fc) 




1.00 


1,00 


Comttaich* 


346.2S 


iA6.2i 


346.2S 


Caieln=> 


216,00 


216.00 


216.00 


Dexirinized oomilanih' 


114.99 


114.99 


144.99 


SttCMM* 


87.12 


87.12 


87.12 


AIN-93 mineral mixntm' 


35.00 


35.00 


3S.00 


AIN-93 vitamin mixnm' 


laoo 


10.00 


10.00 


L-cysiine' 


3.00 


3.00 


3.00 


Choline bitaitnle' 


2.50 


2.50 


2.30 


Cellulose) 


SO.0O 


50.00 


50.00 


Tfcrt-Buiyl hydroqvinone' 


0.01 


0.01 


0.01 



' Woko Pure Chemical Ind., Oiaka, Jopan * Kanto kagaku ReaBcnr division, T»lcyo. Japan 
' Kiken viiMnin ooiporstion, Tokyo. Japon ' SIOMA^ALORICH Japan, Tokyo, Japan 
' CLEA Japan, Tokyo, Japan 
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Ikble 2 Fatty Acid Composition of CMeiaiy Fat. 



Fatty aaid 




Dietary fkt 




(wt%) 


MCT 


Pc 


P« + MCT 










10:0 


1.5 


N.D* 


1.8 


I6rf> 


10.0 


10.7 


lO.I 




3.6 


3.7 


3.6 


1S:lih» 


23.3 


23.7 


23.2 


l8:ln-7 


1.4 


1.6 


1.7 


18:2n-6 


50.0 


51.2 


49.8 


18:3n'3 


5.5 


5.6 


3.4 


18:4n-3 


W.D' 


N.D* 


N.D* 


20:5n-3 


N.D' 


KD* 





N.D': Not detected 



sis and enzymatic activity measurement, respectively; The 
study protocol was approved by the committee of Hokkaido 
UniversityL 

2.3 Fatty add composition of dietary fat 

The fetty acid composition of the dietary fat was deter- 
mined hy gas chromatoHraphy (GC). After conversion of 
fatty acyl groups in the fat to their methyl estera as 
described previously by Prevot and Mordet'", GC analysis 
was performed on a Shimadeu GC-14B (Shimadzu 
Seisskusho Co, Ltd, Kyoto, Japan) equipped with a flsme- 
tonlsation detector and a capillary column [Omegawax 320 
(30 m X 0u32 mm Supetco, Inc., BeliefonCe, ?A]. The 
injection port and flame ionization detector were operated 
at 250 and 260'C, respectively. The column temperature 
was held at 200t:. Component peaks were ideittifted by 
comparison with standard fatty acid methyl eslsra and 
quantified by a Shimadni Chromatopac C-R6A integrator 
(Shimadzu Seisakusho Co., Ltd.). 

2.4 Anaiyslaefblood and liver 

Adlponectin and Leptin level of the blood plssms were 
analyzed by commercial ELISA kit, namely. Mouse 
Adiponectin ELISA kit (Otsuka Pharmaceutical Co., Ltd. 
Tokyo Japan) and Mouse Leptin Assay Kit (L) -IBL (IBL Co.. 
Ltd. Gunma Japan), respectively. 

Liver (50 mg) was homogenized by a Polytron in 1 mL 
Tns buffer saline (20 mM Trizma base, 137 mM NaCl, pH 
7.3. Triaiiylglycerol concentration and protein concentra- 
tion were analyzed by enzymatic kits. Triglyceride B-test 
Wako (Wako Pure Chemical Industries. Osaka, Japan) and 
DC protein assay kit (Bio-Rad Laboratories, California 
US/0 were used for this purpose. For the analysis of lipid 
metabolic eneyme activity, liver (m. 300 mg) was homoge- 
nized with 7 volume of 0.2& mol/L sucrose and centrifuged 
at 500 X g for 10 min'*. The supernatant was used for anal- 



ysis of Carnitine palmitoyi traasferase activity according 
to the method described by Ide et a/."". The supernatant 
was further centrifuged at 9000 x g for 10 min to isolate 
mitochondria. Gluco8e-6-phosphate dehydrogenase activity 
of this fraction was measured as described by Kaley and 
Kletzien" 

2.5 Wastarn bbt analysis 

Each tissue was homogenized in S-10 volume of a solu- 
turn containing 10 mM Tris-HQ, and 1 mM EDTA (pH 7.4) 
for 30s with a Polytron. After centrifugation at 1500 g for 5 
min, the fat cake was discarded, and the infranatant (S&t- 
frte extract) was used for Western blot analysis of UCPl as 
described previously'". Tbtal protein content in BAT and 
WAT was measured with a DC protein assay kit (Bio-Rad 
Laboratories, California USA). Supernatants (30 /ig pro- 
tein/lane) were separated by 10% 5DS-polyacrylamide gel 
electrophoresis, and proteins were transferred to 
polyvinylidene difluoride membrane. The membrane was 
incubated with UCP 1 antibody (Sigma, Saint Louis, USA) 
for one hour and then was incubated with a secondary 
antibody rabbit IgG-coitjugated horseradish peroxidase 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) for one 
hour at room temperature. The membrane was treated 
with the reagents in the chemiluminescence detection kit 
(BCL system, Amershsim Pharmacia Biotech. Piscataway, 
MI, USA) according to the manufacturer's instructions. ^- 
^:tin was detected aa a control with 0-Actin antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). 

2.6 Statistical analysis 

The level of significance for differences between the 
groups was tested using one-way ANOVA and the Stu- 
dent's ^te8t. 



3 RESULTS 

3.1 Body weight and adipose tissue weight 

All animals remained healthy though the experimental 
pariod. There was no significant difference CP > 0.05) in 
body weight and in energy intake between the groups (Fig. 
1). Uterinary and mesentery WAT significantly (P<0.05) 
decreased by the supplementation of fucoxanthin (Fc) or Fc 
-KMCT &b compared with MCT group (Rg. 2). This effect 
was found more clearly in Fc-I-MCT than that in Fc alone. 
On the other hand, BAT content was significantly (P<0.01) 
higher in the mice fed Pc or Fc-t- MCT than In the mice fed 
MCT diet (Rg. 2). 

3.2 Adiponsctin and leptin level of blood plasma, llvar lipid 
eontant, and anzymatic activity 

There waa no significant difference tP>0.05) in the 
adiponectin level of blood plasma (Fig. 3). Diet with Fc + 
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MCT significantly (P<0.05) reduced the l«ptin level of 
blood plasma as compared with MCT diet, while no signifi- 
cant difference CP>0.05) in the leptin level was found 
between Pc group and MCT group. Liver triacylglycerol 
concentration decreased in Fc group and Fci-MCT group 
as compared with that in MCT group, but significant dif 
ference (/'<0.05} was only found in Fc CTable 3). Carnitine 



A MCT O Fe □ Fte«MCT 
Fig.l Body Wn^t and Food Intake of Mouse. 



palmitoyltransferase activity increased by feeding Fc or Fc 
+ MCT. but not eigniftcantly (P>0.05). Giucoae-6-ph08- 
phate dehydroeenase activity did not change in each 
group. 

3.3 UCP1 protain expression in BAT and WAT 

There was no difference in the UCPl protein expression 
in BAT among the three groups (Fig. 4). On the other hand, 
UCPl exproKisien in WAT Increased by feeding Fc and sig- 
nificant increase (P<0.05) was found in Fc-t-MCT group 
(Fig. SI 



S » 



[tlrti. 



MCT Fc PcvMCT MOT Fe Fd*MCT 

FiC.8 LepUn and Adiponectin Coneentrntion in the Blood 
Plasma. *P<0.05 va MOT 



(AtUMnaiyWAT 



I. 

i 

9 



^ ^ ^ 



MCT FC FemCT 



Fo Fc^MCT 



I 

3 



MCT Fe Fe+MCT 
Fig. 2 Relative Adipose Tissue Wdgbt of KK'Ay Mice Fed MCT Diet (MCT), 
0.iy. Fc diet (Fo), O.m Fc +MCT did. 

(A) Uterine WAT . (B) Perirenal and retraperitoneal WAT. (C) Metenteiy 
WAT. (D) Brown adipose tissue +/><0.05 vs MCT ••/><r0.01 vs MCT 
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TMa 8 Lipid Content and Enzyme Activities in the Liver. 

Group 

MCT tI Fo + MCT 



Liver triaeylgljfcerol 238 i 64 167 ±33' 205 ±46 
(mg/g protein) 

Carnitine palmitoyl tranjfbnse 2.1 ±0.7 2,6±0.6 2.5±a6 
(/imoi/inin/nig protdn) 

Cluooge^photphatedcbydroBenua 2.6 ±0.5 2.6 ±0.3 2.9 ±0.8 
(jamVmm/m$ protein) 



•i»<0.05v»MCT 



UCM (»i(Da} 




1.4 
U 

I 0.4 

02 



MCr Fc l>e*MCT 

nc. 4 (A) WlBStem BkX Amlyiia of Uneoiviing Proteinl 
(UCPI) In BAT. (B) Level of UCPl Protein 
Expression Relative to ^Actln, 




1: 

^ A 


rh 








FSf.5 (A)mil 


MCT Fe Pe^MCT 
an Blot Analysis of Uncoupliqg P 


tol< 



(UCPI) in WAT. (B) Relative Expression Level of 
. UCPI Protein to p-Actin.»P<O.OSv» MCT 



4 DISCUSSION 

The increMing incidence of nbesity is becoming a noedl- 
cal problem in the worl± Weight Iobb can be achieved by 
different means bat the maintenance after weight loss in 



the long term is rarely shown. Therefore, identification of 
substances that can decrease or prevent obesity remains a 
requirement. MCT has different physical properties as 
compared with long-chain triacylglycerols, with MCT 
showing a greater increase in energy expenditure in ani- 
mal studies and human studies'". Thus, MCT can be useful 
agents in the prevention of obesity. On the other hand, a 
great deal of interest has bean fiicuaed on adaptive thermo- 
genesis by UCPI as a physiological defense against obesi- 
ty"-*" UCPI is a Itey molecule for anti-obesity. UCPI 
expression is known to be a significant component of whole 
body energy expenditure, and its dysfunction cnntributea 
to the development of obesity. In a previous study on the 
anti-obesity effect of fucoxanchln, we have found that 
iiicoxanthin reduced abdominal fat accumulation through 
UCPI expression In WAT*. In the present study, we used 
three dietary fet containing MCT (0.9%). Fc (0.1%). MCT 
(0.9%)+Fc (0.1%). As shown in Hb. 2. the weights of uteri- 
nary and mesentery WAT were significantly lower in Fc- 
fed mice than in MCT-fed mice. This result indicates the 
stronger anti-obesity efiect of Pc (0.1 K) than MCT (0.9%). 
We have found the clear expression of UCPI protein and 
mBNA in WAT of KK-Ay mice fed Fc m%f. The same 
result was also observed in WAT of mice fed Fc (0.1%) (l^lg. 
5). while little expression in that of MCT-fed mice. Fur- 
thermore, BAT weight was significantly higher in Fc-fed 
mice than in MCT-fed mice (FlQ. 2). UCPI is generally 
known to be expressed in BAT, Although there was no i\er 
nificant difference in BAT content, increase in BAT of 
mice fed Fc would affect the reduction of abdominal fat of 
the mice. Therefore, the energy dissipation via the genera- 
tion of heat by UCPI expression would be more efieetive on 
the reduction of abdominal fat than the enhancement of 
energy expenditure induced by MCT feeding. 

In most studies on the anri-obesity effect of MCT. the 
concentration of MCT in the diet is around 5%. The lower 
effect of MCT in the present study would be due to the 
lower L-oncHntration of MCT (0.9%1. On the other hand, the 
effect of Fc on the reduction of abdominai fat increuoed by 
mixing Fc with the low concentration of MCT (Fig. 2). 
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UCPl expression of mice fed Fc+MCT was higher than 
those of mice fed Fc or MCT aione (Fig. 5). Leptin is secret- 
ed from adipocyte and adjusts the body weight or insulin 
sensitivity^". Leptin suppresses the appetite to control 
body weight. However, obesity patient has leptin resis- 
tance and leptin level in the blood keeps hitch in the 
patient. Therefore, pla»ma leptin level is used as an index 
of body Uit accumulation. Leptin level of obesa model mice 
(KK-Ay) fed Fb + MCT was Risnificaotly lower than those 
of other mice fed MCT and R: alone. 

Dietary fucoxanthin is converted to fucoxanthinol after 
ab»orption^. Absorption rate is senerally affected by the 
conQposition of food matrix. We found that the solubility of 
Fc in iioybe&n oil is very low, while Fc can easily dissolve in 
MCT or in fish oil. MCT diet also contained VitE (0.1%). 
Vit.E might be effective for the prevention of Fc acainst 
oxidation and/or decomposition. Thus, the higher anti-obe- 
sity effect of Pc wt^ MCT than Fc alone would be due to 
the increase in the absorption rate of Pc and in the oxtda- 
tive stability of Fc. 

When the UCPl expresaion in WAT was compared 
between mice fed with purified fucoxanthin and seaweed 
lipids containing fucoxanthin, the higher UCPl level was 
found In the mice fed seaweed lipids than those fed puri- 
fied fucoxanthin, although the fucoxanthin content was the 
same in both groups (unpublished dataX This suggests that 
the absorption rate of iiicoxanthin is strongly affected by 
the presence of other components. eBpecially lipids. The 
synergistic relationship between Fc and other lipids need 
to be clarified by further study. 
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